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Abstract: During a survey of plant parasitic nematode biodiversity in vegetable fields of Tabriz, East Azerbaijan province, Iran
between 2004 and 2005, 25 species belonging to 16 genera of nematodes were identified from 88 soil and root samples, among
which a large population of the cyst nematode, Heterodera cruciferae, was found in most of the sampling regions. Cysts, males, and
second-stage juveniles were extracted from field soils, and from the infected roots of kohlrabi (Brassica oleracea L. var. gongylodes)
and white cabbage (Brassica oleracea L. var. captita alba). The morphology of the cysts, second-stage juveniles, and males established
the identity of Heterodera cruciferae Franklin, 1945. Morphological characters used for accurate identification included cyst shape,
characteristics of the cyst terminal cone, including the nature of fenestration, and cyst wall pattern. Second-stage juvenile characters
critical to the identification were body and stylet length, shape of stylet knobs, and shape and length of the tail and tail terminus;
for males the important characters were stylet and spicule length. Comparison to other closely related species is also presented.
Photomicrographs and SEM images of external and internal parts of the cysts are shown. This is a new record for H. cruciferae on
cabbage in Iran.
Key Words: biodiversity, Heterodera cruciferae, plant parasitic nematodes, vegetables, Iran

Introduction

Materials and Methods

Different kinds of vegetables have been grown for a
long time around Tabriz, northeast Iran. During this
period, many types of pests became established in the
fields. In a survey to identify plant parasitic nematodes in
the rhizosphere of the vegetables, 25 species belonging
to 16 genera of Nematoda were identified (Table 1).
Among them, the cabbage cyst nematode, Heterodera
cruciferae, had a high population density, and was
damaging and infecting kohlrabi and white cabbage
plants. As of now, only 19 Heterodera species have been
identified in Iran (Table 2).

At the time of sampling, 25 different vegetable crops,
including spinach (Spinacia oleracea L.), lettuce (Lactuca
sativa L.), garden-cress (Lepidium sativum L.), radish
(Raphanus sativus L. var. radicula), sweet basil (Ocmium
basilicim L.), onion (Allium cepa L.), summer squash
(Cucurbita pepo L.), parsley (Petroselinum hortense L.),
and tomato (Lycopersicum esculatum L.), were under
cultivation in the fields. In all, 88 soil samples (each
sample consisting of at least 15-20 subsamples) and
several root samples were collected between 2004 and
2005.

The cabbage cyst nematode is not a major pest and its
host range is limited to Cruciferae (nearly all genera), and
some weeds and members of Labiaceae. H. cruciferae has
been reported from Europe, Russia, California, and South
Australia (Stone and Rowe, 1976; Whitehead, 1998).

Plant parasitic nematodes were extracted using
combined sieving and centrifugation according to Jenkins
(1964), and the recovered nematodes were transferred
to anhydrous glycerin, as described by De Grisse (1969).
Cysts were recovered using a Fenwick apparatus.
Different life stages of the nematode observed in the
vegetable roots were stained with lactoglycerin acid
fuchsin solution (Southey, 1986). In order to observe the

Herein we present observations on the Iranian
population of the cabbage cyst nematode found in
vegetable fields of Tabriz, Iran.
* Corresponding author: ghniknam@yahoo.com
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Table 1. Nematodes identified in vegetable fields in Tabriz, Iran.

Amplimerlinius globigerus Siddiqi, 1979

Helicotylenchus digonicus Perry in Perry, Darling & Thorne, 1959

Aphelenchus avenae Bastain, 1865

H. exallus Sher, 1966

Aphelenchoides bicaudatus (Imamura, 1931)

H. pseudorobustus (Steiner, 1914) Golden, 1956

Filipjev & Schuurmans Stekhoven, 1941

H. vulgaris Yuen, 1964

A. haguei Maslen, 1979

Heterodera cruciferae Franklin, 1945

A. richardsoni Grewal, Siddiqi & Atkey, 1992

Mesocriconema antipolitanum (de Guiran, 1963)

Boleodorus thylactus Thorne, 1941

De Grisse & Loof, 1965

Criconema mutabile (Taylor, 1936) Raski & Luc, 1985

M. curvatum (Raski, 1952) Loof & De Grisse, 1989

Criconemoides informis (Micoletzky, 1922) Micoletzky, 1936

Paratylenchus mexicanus Raski, 1975

C. mongolensis Andrassy, 1964

Pratylenchus alleni Ferris, 1961

Ditylenchus medicaginis Wasilewska, 1965

P. neglectus (Rensch, 1924)

Filenchus vulgaris (Brzeski, 1963) Lownsbery & Lownsbery, 1985

Filipjev & Schuurmans Stekhoven, 1941

Geocenamus brevidens (Allen, 1955) Brzeski, 1991

Psilenchus hilarulus de Man, 1921

G. rugosus (Siddiqi, 1963) Brzeski, 1991

Zygotylenchus guevarai (Tobar Jimenez, 1963) Braum & Loof, 1966

Table 2. Cyst-forming nematodes (Heterodera spp.) identified in various regions of Iran.
Species

Province (locality)

Plant host

Reference

Heterodera avenae

Ilam

Wheat (Triticum sp.)

Tanha Maafi et al., 2003

H. cruciferae

Eastern Azarbaijan

White cabbage (Brassica oleracea L. Niknam et al., 2004b

H. elachista

Mazandaran

Rice (Oryzae sativae)

Tanha Maafi et al., 2003

H. fici

Kordestan

Ficus elastica

Tanha Maafi et al., 2003

H. filipjevi

Fars, Kordestan, Western Azarbaijan,

Wheat (Triticum sp.)

Tanha Maafi et al., 2003

var. captita alba)

Yazd, Esfahan, Hamadan, Golestan,
Mazandaran, Kerman

H. glycines

Golestan ,Mazandaran

Soybean (Glycines max)

Tanha Maafi et al., 2003

H. goettingiana

Lorestan

Clover (Trifolium repens)

Tanha Maafi et al., 2003

H. goleopsidis

Esfahan, Hamadan

Sugar beet (Beta vulgaris)

Talachiyan et al., 1976

H. hordecalis

Ardabil

Wheat field and grasses

Tanha Maafi et al., 2003

H. humuli

Mazandaran

Nettle (Urticae dioica)

Tanha Maafi et al., 2003

H. iri

Esfahan, Fars, Kerman, Markezi,

Sugar beet (Beta vulgaris)

Talachiyan et al., 1976

Crealis field

Tanha Maafi et al., 2003

Semnan, Hamadan, Kermanshah,
Eastern Azarbaijan,
Western Azarbaijan,

H. latipons

Western Azarbaijan, Zanjan,
Eastern Azarbaijan, Lorestan, Golestan

H. mani

Khorasan

Sugar beet (Beta vulgaris)

Mahdikhani Mogaddam and Kheiri, 1995

H. mothi

Khuzestan, Systan and Balouchestan

Cyperus sp.

Tanha Maafi et al., 2003

H. oryzae

Gilan

Rice (Oryzae sativae)

Pedram far et al., 2001

H. rosii

Esfahan, Kermanshah

Sugar beet (Beta vulgaris)

Talachiyan et al., 1976

H. schachtii

Fars, Western Azarbaijan, Ardabil,
Sugar beet (Beta vulgaris)

Tanha Maafi et al., 2003

Esfahan, Khorasan
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external and internal morphology of the cysts, a series of
SEM images were prepared according to Hirschmann and
Triantaphyllou (1979), and Lax and Doucet (2002).
Specimens were coated with a thin layer of gold and
observed with a LEO-41 microscope at 15 kV. In addition,
essential morphological and morphometrical characters of
juveniles, males, females, and cysts were studied and
measured with a light microscope equipped with a
drawing tube, and then compared to identification keys
(Mulvey, 1972; Golden, 1985; Wouts and Baldwin,
1998).

Results and Discussion
Measurements
(Measurements are shown in Table 3).
Table 3.

Cysts

J2

Male

Descriptions
Female
Body swollen and spherical, 365.6 ± 28.15 µm ×
172.9 ± 18 µm in diameter, with a distinct neck, 102.7
± 8.4 (91-116) µm long. Head with 2-3 annules, stylet
length 20.1 ± 4 (15.6-25) µm, conus equal to half of
stylet length, knobs rounded, slightly backward sloping.
Large esophageal glands that fill the body cavity at the
site and are undifferentiated from each other. Secretoryexcretory pore 112.5-143.7 µm from the head. Without
lateral fields. Vulva terminal, ovary paired, body filled
with ovaries and eggs. Anus subterminal. Mature females
are white-brown, nearly all body organs, except ovaries,
disappeared (Figure 1). Gelatinous sacs are seen in
mature females; on average there are 150 eggs per sac.

Cyst, second-stage juvenile (J2), and male morphometrical characters of H. cruciferae, H. raskii, H. goettingiana, H. carotae, and H. urticae
(all measurements in µm).
H. cruciferae

H. cruciferae

H. raskii

H. goettingiana

H. carotae

H. urticae

Tabriz-Iran
population

Stone & Rowe
(1976)

Basnet & Jayaprakash
(1984)

Stone & Course
(1974)

Mathews
(1975)

Mathews
(1971)

L
B
Neck length
L/B
Fenestra width
Semi fenestra length
V.S.

505.4 ± 58.5 (400-609.5)
398 ± 63.2 (305-571.4)
66.5 ± 15 (50-84.2)
1.3 ± 0.1 (1.1-1.5)
36.6 ± 5 (31.2-44)
16.6 ± 4.6 (12.5-22)
42.3 ± 5 (30.2-50)

560 ± 15
433 ± 5
-

760 (710-835)
280 (250-310)
3.0 (207-3.5)
43 (40-45)
50 (48-54)*
49 (46-52)

521 ± 53
372 ± 44
35.3 ± 5.9
37.4 ± 4.3*
39.9 ± 7.2

218-625
165-500
35-42
27-36*
43-51

350-690
280-665
1-1.4
26-59
25-53*
35-59

L
a
b
b´
c
c´
Stylet
Tail
H
H/Stylet

351.15 ± 15 (333.3-381)
20 ± 1.5 (17.5-24)
4.01 ± 0.4 (2.06-2.7)
2.4 ± 0.4 (2.06-2.7)
8.4 ± 0.7 (7.5-10)
4 ± 0.3 (3.5-4.4)
21 ± 0.8 (20-22.4)
41 ± 5 (26.2-47)
21.3 ± 1.9 (16-23.4)
1.02 ± 0.1 (0.8-1.2)

431 ± 19
20.7 ± 1
24.1 ± 1.6
50.0 ± 2.7
25.2 ± 2.7
-

500 (470-520)
26 (24.5-28)
7.5 (7-8)
3.2 (3-3.5)
6.3 (6.1-6.4)
18.5 (17.5-20)
80 (74-85)
34 (30-43)
-

485 ± 2.2
25.1 ± 1.1
24.6 ± 0.8
60.1 ± 5.3
37.0 ± 3.2
-

375-452
18.2-22.7
22-25
43.5-58.6
20.3-31.8
-

467-615
21-26
8-12
25-31
44-67
22-26
0.8-1.4

L
a
b
b´
Stylet
Gub.
Spic.
T

961 ± 83 (828.6-1028.6)
38.2 ± 2.5 (34.1-41.2)
8.3 ± 0.9 (8-10)
5.3 ± 0.6 (5-6)
23 ± 1.6 (20-24.3)
7.07 ± 1.1 (6.8.4)
21 ± 4.4 (16-26.2)
48 ± 14.1 (13.5-68)

1170 ± 79
40.8 ± 5.8
24.9 ± 1.1
10 ± 0.1
34.5 ± 2.4
-

1.015 (950-1.050)
33.8 (30-35)
4 (3.5-4.5)
8.4 (7-9.5)
21 (20.5-22)
10.5 (9-11.5)
35 (33.5-36)
-

1270 ± 112
51.4 ± 4.6
26.8 ± 1
12.2 ± 20
26.5 ± 4.3
-

1090-1220
30-38
10-13
31-36
-

930-1430
27-44
4-5
24-30
7-14
30-40
-

*Fenestra length
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A

B

C

Figure 1. Females. (A, B) Vulva and anus, and (C) whole body filled with eggs (scale bars: A and B: 25 µm; C: 50 µm).

Cyst
Spherical to slightly lemon shaped, light to dark
brown, neck 50-84 µm. Zigzag cuticular surface pattern
over the entire body, except the neck region. Gelatinous
sac is usually present, sometimes larger than cyst
diameter, full of eggs. The vulva is semifenestrateambifenestrate, without bullae, with very weak
underbridge, brick-shape pattern around basin is absent,

A

C

length of vulval slit 11-17 µm, anus within 11-16 µm of
the vulval region (Figures 2 and 6).
Second-Stage Juvenile
Vermiform, straight to slightly ventrally curved upon
heat fixation. Head rounded, consisting of 3-4 annules, 34 µm height, 2-3 µm wide, cephalic framework strongly
developed. Stylet 20-22 µm, conus about 40%-55% of
stylet length, knobs rounded, sloping posteriorly, 4-5 µm

B

D

Figure 2. Cysts. (A) Cone top, (B) cysts, (C), cuticular surface pattern, and (D) underbridge (scale bars: A, C, and D: 25 µm; B: 250 µm).
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A

B

C

D

Figure 3. Second-stage juveniles. (A) Anterior region, (B, C) tail, hyaline; and (D) J2 in cabbage root (scale bars: A, B and C: 25 µm; D: 20 µm).

wide. Dorsal esophageal gland duct 5-6 µm behind the
base of the stylet knobs.
Excretory pore 95-110 µm from the head, hemizonid
0-1 annule posterior of the excretory pore. Esophageal
glands extend over the intestine laterally and ventrally.
Lateral fields with 4 incisures, 5-6 µm wide at about onethird of the body width. True tail 38-44 µm long, conoid,
hyaline portion about 50% of the tail length or 0.8-1.2
times the stylet length, phasmids in lateral fields and
located posterior to hyaline portion, or at first half of tail
length (Figure 3).
Egg
Ellipsoid, 102.5 ± 49 µm × 49 ± 4.5 µm, egg shell
hyaline, second-stage juvenile folded 3 times inside egg,
some larvae hatched in cysts before egg laying (Figure 4).
Male
Vermiform, head with 5-6 annules, offset, cephalic
framework strong. Stylet 20-24 µm long, knob width
about 4-5 µm, rounded. Dorsal esophageal gland duct 67 µm behind stylet knobs, equal to body 2-3 annules

long, 3-5 annules behind secretory-excretory pore,
hemizonion prominent, 18-25 µm from the secretoryexcretory pore. Lateral fields with 4 distinct incisures, not
aerolated. Tail bluntly rounded, short, about 1/5 the body
width. Single testis, spicules arcuate with indented tip,
gubernaculum 5.5-8 µm, non-protruding, bursa absent
(Figure 4).
Symptoms
Typical symptoms were not observed on the aerial
parts of the 2 cabbage species; only root damage was
noted to be caused by the nematode. As yet, we have not
conducted a quantitative study of yield loss caused by the
nematode on the 2 cabbage species in the region. The
most obvious symptom observed in infected plants was
lateral root proliferation (Figure 5). Other symptoms, as
given by Whitehead (1998), such as stunting, reddening
of leaves, and inter-veinal chlorosis, were not observed in
the infected plants, whereas young and adult females, and
cysts were frequently seen on the roots throughout the
growing season (Figure 6).
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A

C

D

B

Figure 4. Male and egg. (A) Male inside larval cuticle, (B) egg containing second stage larva, (C) posterior part of male, and (D) anterior end of male
(scale bars: 25 µm).

Diagnosis
Based on the data we collected, the observed
morphological characters, and recent taxonomic keys
(Mulvey, 1972; Golden, 1985; Wouts and Baldwin,
1998), the Tabriz population was identified as
Heterodera cruciferae. An additional 4 species (Table 3),

258

namely H. goettingiana, H. raskii, H. urticae, and H.
carotae, are similar to Heterodera cruciferae.

H. goettingiana is distinguished by a brick-like pattern
around the fenestra. In H. raskii, infective juveniles have
3 lateral lines instead of 4, as seen in Heterodera
cruciferae. H. urticae is differentiated from H. cruciferae

H. JABBARI, G. NIKNAM

A

B

C

Figure 5. Root proliferation in cabbage plants infected by Heterodera cruciferae. (A) White cabbage, and (B, C) kohlrabi.

A

B

C

D

Figure 6. Adult females, cysts, and gelatinous sac on cabbage plants infected by Heterodera cruciferae. (A, C) White cabbage and (B, D) kohlrabi
(scale bars: A: 500 µm; B: 400 µm; C: 150 µm; D: 200 µm).
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by having smaller spherical cysts, smaller egg sacs,
fenestra length less than its width, longer stylet (mean:
27 µm), longer body (> 500 µm), 2 crenated outer lines
of the lateral fields, and 2 outer aerolated bands. H.
carotae is very similar to H. cruciferae, but can be
identified by a fairly small, lemon-shaped cyst, a rather
delicate juvenile stylet, and shorter hyaline tail terminus.
Morphology and morphometrics of the Tabriz population
of H. cruciferae were also compared to those of earlier
reports (Stone and Rowe, 1976) and only some minute
differences, such as male body length and second stage
juvenile stylet length, were found, which are shown in
Tables 3 and 4.
To the best of our knowledge the present study is the
first to include SEM images of nematodes (Figure 7).
The Tabriz population of H. cruciferae demonstrated
wide distribution in the fields and was found in more than
40% of the collected soil samples, but the nematode was
observed only on the roots of the 2 plants. The 2

Table 4.

previously-mentioned plant species are the main hosts of
H. cruciferae, according to previous reports (Stone and
Rowe, 1976; Whitehead, 1998), which are in agreement
with the present study. In a preliminary evaluation of the
population density of H. cruciferae (Niknam et al.,
2004a), an average 227 (83-280) cysts/100 g of soil
was reported and the mean combined number of eggs
and second stage larvae in each cyst was 96.8 (40-158).
Similarly, the number of cysts/g of infected cabbage root
was 151. The nematode produces a gelatinous sac
(Figures 2 and 7) in which some eggs are deposited and
21-170 eggs per sac were noted.
Based on the large nematode population we observed
and the lack of obvious yield loss, we think that the
cultivated cabbage species must have developed
tolerance; however, a comprehensive study should be
conducted to estimate the precise amount of crop loss as
well as to determine the impact of the nematode on the
plants.

Morphological characters of cysts, second-stage juveniles (J2), and males of Heterodera cruciferae, H. raskii, H. goettingiana, H. carotae,
and H. urticae.

Bullae
Fenestration

H. cruciferae

H. raskii

H. goettingiana

H. carotae

H. urticae

Stone & Rowe

Basnet & Jayaprakash

Stone & Course

Mathews

Mathews

(1976)

(1984)

(1974)

(1975)

(1971)

Absent

Absent

Absent

Absent

Usually absent

Ambifenestrate-

Ambifenestrate-

Ambifenestrate-

Ambifenestrate-

Ambifenestrate

bifenestrate

bifenestrate

bifenestrate

bifenestrate

Semifenestrate/
semicircular

Cyst Underbridge

J2

Absent or weak

Weak

-

Absent or weak

Very weak

Gelatinous sac

Present

Present

Present

Present

Present

Cuticle surface pattern

Zigzag

Zigzag

Brick work like

Zigzag

Zigzag

Head annules

3-4

2-3

2-3

4

4

Lateral lines

4

3

4

4

4

33% tail length

Middle of tail

Not observed

-

Not observed

5-6

4-5

5-6

6-8

4-6

4

4

4

4

4

Phasmid position

Male Head annules
Lateral lines
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A

B

C

D

E

F

Figure 7. SEM images of different parts of Heterodera cruciferae. (A) Cyst with gelatinous sac (300×, (B) cuticular surface pattern (3000×), (C)
whole cyst (500×), (D) cone top, external view (3000×), (E) cone top, internal view (1500), and (F) male inside larval cuticle (1000×).
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